C
ytosolic calcium (Ca 2ϩ ) is a focal point of many signal transduction pathways and modulates a diverse array of cellular activities ranging from fertilization to cell death (1) . Cells generate Ca 2ϩ signals through both internal and external Ca 2ϩ sources. In most cell types, the major internal Ca 2ϩ stores are the endoplasmic reticulum͞sarcoplasmic reticulum (ER͞SR). One mechanism for mobilizing such stores involves the classical phosphoinositide pathway. Essentially, the binding of many hormones to specific receptors on the plasma membrane leads to the activation of an enzyme (phosphoinositidase C) that catalyses the hydrolysis of phospholipids to produce the intracellular messenger inositol 1,4,5-trisphosphate (InsP 3 ). Although derived from a lipid, InsP 3 is water soluble and diffuses into the cell interior where it encounters InsP 3 receptors (InsP 3 Rs) on the ER͞SR. The binding of InsP 3 changes the conformation of InsP 3 Rs such that an integral channel is opened, thus allowing the Ca 2ϩ stored at high concentrations in the ER͞SR to enter the cytoplasm. A critical feature of InsP 3 Rs is that their opening is regulated by the cytosolic Ca 2ϩ concentration. This sensitivity to cytosolic Ca 2ϩ allows them to act as Ca 2ϩ -induced Ca 2ϩ release (CICR) channels that promote the rapid amplification of smaller trigger events (1) .
It was thought that the binding of InsP 3 was obligatory for channel opening. However, in an elegant study in this issue of PNAS, Foskett and colleagues (2) demonstrate that a protein could supplant the need for InsP 3 . Using a yeast two-hybrid screen, those authors demonstrate a high-affinity interaction between the NH 2 3 . In fact, CaBP alone gave rise to substantial opening of the InsP 3 Rs (P o Ϸ0.8 in optimal conditions), with significant gating observed at 10 nM CaBP. The interaction between CaBPs and InsP 3 Rs was greatly potentiated by increasing cytosolic Ca 2ϩ over its physiological range (0.1-1 M). This process critically depended on the EF hands, because mutations that inhibited Ca 2ϩ binding to these domains abrogated the ability of CaBP to bind and activate InsP 3 Rs.
The picture that emerges is that CaBPs can act as endogenous high-affinity ligands of InsP 3 Rs, which can activate Ca 2ϩ release without the need for InsP 3 production via the phosphoinositide pathway (see Fig. 1 (9, 10) .
Just how mobile CaBPs are is not fully resolved. One feature of the NCS family is that its members contain consensus sequences for myristoylation (4) . This posttranslational modification results in Ca 2ϩ -dependent translocation of these proteins, although along distinct routes (11) . Expression of isoform variants of a CaBP in Chinese hamster ovary cells revealed that it could have distinct cellular localizations-a short form was found at or near the plasma membrane, whereas a longer homologue was associated with the cytoskeleton (3). The ability of CaBPs to bind and activate InsP 3 Rs would clearly be altered if they were tethered by lipid groups or structural proteins distant from InsP 3 Rs.
Although the study from Foskett and colleagues (2) -dependent inhibition (12) . It will be interesting to see whether CaBPs can replicate all of the effects of InsP 3 on channel gating. Furthermore, it is possible that activation of InsP 3 Rs is not the sole function of CaBPs. In common with other members of the NCS subfamily, they appear to interact with several targets (4) . CaBPs have been demonstrated to activate calmodulin-dependent kinase II and G protein-coupled receptor kinases in vitro (3) . Whether such interactions occur in vivo is not yet known, however, it points to a potential pleiotropic action of the CaBPs after a Ca 2ϩ signal. In addition, the CaBPs have consensus sequences for phosphorylation and have been shown to be phosphorylated in hippocampal slices in situ (13) . Their functions could therefore be modulated by upstream kinases. Another possibility is that the expression of CaBPs could be modulated in a developmental-or activity-dependent manner, in which case their effects on the InsP 3 Rs could vary substantially.
For the activation of calmodulindependent kinase II and G proteincoupled receptor kinases, CaBPs essentially mimicked the role of calmodulin (3). Interestingly, InsP 3 Rs also have calmodulin binding regions, which can modulate the activity of the channels (14 -16 concentration (2) suggests that the Ca 2ϩ -free forms of these proteins can be prebound to InsP 3 Rs. This may be a way of speeding up the responsiveness of InsP 3 Rs, in a similar way that complexing apo-calmodulin does for P͞Q-type voltage- Fig. 1 . Dual pathways for activation of InsP3Rs. Shown are the alternative pathways leading to InsP3R activation in neurons expressing CaBPs. Metabotropic receptors lead to InsP 3 production via phospholipase C, whereas ionotropic stimulation produces an influx of Ca 2ϩ that engages CaBP-bound InsP 3 Rs or recruits CaBP to the InsP 3R. Both metabotropic and ionotropic pathways lead to the activation of InsP3Rs. InsP3 requires the concurrent binding of Ca 2ϩ to an activatory site on the InsP3R. It is presently unclear whether the Ca 2ϩ -bound form CaBP is sufficient for InsP 3R opening, or if Ca 2ϩ is also required to bind to InsP3Rs independently.
